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Among possible experimental approaches to the de~
velopment of an effective tetanus treatment, an important
and promising approach is to explore the possibility of
regulating the relation between excitation and inhibition
in the cerebral cortex at various stages of the tetanus
process.

The significance of inlibition (primarily medicinal
and anesthetic) in experimental tetanus has already been
examined [4, 8, 10, 11, 138, 16, 19, etc.], but in view of
discrepancies in the results the published data do not
allow definitive conclusions and necessitate further in-
vestigations of the role of strengtheming the excitatory
and inhibitory processes in the cerebral cortex in tetanus
in order to indicate, as far as possible, the future direc~
tion of research toward effective treatment of this
disease. In studying the role of cortical processes, partic~
ularly inhibition, in the development of tetanus intoxi-
cation, it is desirable to eliminate such negative prop-
erties of hypnotics and general anesthetics as their roxi-
city, their different effects on different portions of the
central nervous system, and their rapid elimination from
the organism; in all probability, the last mentioned is
accompanied by a change in the relative strength of
excitation and inhibition in the cerebral hemispheres,
and clearly causes the lack of agreement among pub=
lished reports.

Accordingly, we thought it would be best to use the
method of strengthening inhibition and reducing cortical
tone without anaesthetic by »deafferentation” — accom~
plished by excluding the receptor terminations of the
olfactory, visual, and auditory analyzers [1, 2, 3, 7, 9, 12,
15, 18, etc.] — and also by partial decortication of the
brain. At the same time, we decided to test the effect of
amphetamine sulfate, which strengthens the stimulatory
process, stimulates central nervous system activity, and
adjusts disturbed relationships between inhibition and
excitation in the cerebral cortex [5, 17, etc.].

During the period when these experiments were con-
ducted (1951 — 1956), we were unable to find any indica=
tions in the available literature that experimental tetanus

had been studied under conditions of exclusion of the
olfactory, visual, and auditory analyzers, or adminisira=
tion of amphetamine sulfate,

METHODS AND RESULTS

We performed the first series of experiments on 92
rabbits (47 with excluded olfactory, visual, and auditory
analyzers and 45 controls with uninjured analyzers)
divided into groups according to the length of time fol=
lowing exclusion of the three distance analyzers and the
dose of tetanus toxin. Tetanus toxin was administered to
all rabbits via the muscles of the left hip, 6, 29 — 35, and
122183 days after exclusion of the visnal and auditory
analyzers %

The results of these experiments showed that after
injection of 1 MLD or 1/10 MLD of tetanus toxin at a
late period (29th to 35th day, 122nd — 183rd day) or at
the earliest period (6th day) after the second step in
rdeafferentation” (vision and hearing), a distinct re~
tardation of the symptors of the disease was observed in
the first few days of the experiment in all the animals
with excluded analyzers as compared with the controls,
This is in agreement with published data {4, 11, 14, etc.].
The indicated authors observed that during the first period
of development of tetanus intoxication, manifestations of
the initial symptom complex of tetanus were absent in
animals under amobarbital, chloral hydrate, or ether
anaesthesia. We may conclude from this that the inhibitory
¥The analyzers were excluded in stages. The olfactory
analyzer was excluded first by sectioning and removing
the olfactory bulbs; ten days later, the visual and audi-
tory analyzers were excluded by suturing together three
tissue layers (rudimentary eyelid, conjunctiva, and skin
of eyelid) over the uninjured eyeball, preserving the
optic nerve and normal circulation of lacrimal fluid. To
exclude the auditory analyzer the tympanic membrane
and the auditory ossicles were injured and removed, and
the muscles and skin were then sewn in successive layers
to the external orifice of the bony portion of the auditory
canal.
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TABLE 1. Effect of Exclusion of Three Distance Analyzers
on Survival Time of Rabbits After Injection of 1 MLD of
Tetanus Toxin

Number dying in 7
given périod of a
. g : i BT
Animals '§ 'E ]&—5 G20 g(f)t%r 55 g
=] ays | days t 5.
i ¥ day. S8z
With excluded
analyzerss . o[ 23 | 14| 9 | — |65
Controls . .. .} 23 5 16 2 |8n

!Mean of observations on 21 rabbits.

process, strengthened in the central nervous system of
animals not only by medicinal agents but also by a dis~
turbance of the function of the three distance analyzers,
exerts the same retarding 1nfluence on the development
of the tetanus snydrome in the initial period of the
disease.

Further observations established that, as the patholog~
ical process develops, marked worsening of the disease
and earlier death occurred at the stage of generalization
of tetanus in rabbits with excluded analyzers.

Table 1 shows that by the fifth day following injection
of 1 MLD of tetanus toxin, 14 out of 23 animals in the
group with excluded analyzers had died, and in the con=
trol group five out of 23; the mean survival time of
animals with excluded analyzers was less (6.5 days) than
that of the controls (8.7 days). Injection of 1/10 MLD of
toxin usually produced a mild, localized tetanus in nor~
mal, unoperated rabbits with subsequent rapid recovery.
In "deafferenied” animals (with considerably reduced
afferentation, in consequence of exclusion of the three
distance analyzers), as a result of the injection of the
same dose of toxin, the course of intoxication was ob=
served to be milder than in the case of the controls dur=
ing the first days of the illness; but, later on, the local=
ized tetanus was observed to pass over into a severe
generalized form, terminating in death of the overwhelm=-
ing majority of the "deafferented" animals.

Table 2 shows that following intramuscular injection
of 1/10 MLD of tetanus toxin, of 24 rabbits with ex~
cluded analyzers only 11 recovered and 13 died of
generalized tetanus. In the control group, out of 22 ani-
mais only two died, and 20 recovered. The course of
tetanus intoxication following injection of 1 MLD and
1/10 MLD of tetanus toxin in animals with excluded
distance analyzers was observed to be more severe at
29—-35 days after the second stage of "deafferentation”
(exclusion of visual and auditory analyzers) than at six

~ days and 122 —183 days. It seems to us that this elimi=
nates any question of the significance of operative rauma
in the process under consideration.

Thus our data show that prolonged strengthening of
inhibition in the cerebral cortex of animals, during the
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later period of development of tetanus intoxication,
exerts a negative effect on the course and outcome of the
pathological process. This is in agreement with data in
the literature [14, 16, 191 ‘

In our opinion, this conclusion is supported by experi=
ments performed by us on 66 rabbits with ablation of the
upper surface of the left cerebral cortex (from the olfac=
tory bulb to the posterior margin of the occipital lobe),
and on 63 control (unoperated) rabbits, divided into
groups on the basis of postoperative period (6~ 8, 22~ 35,
176-~186 days), site of injection of the toxin (muscles of
the right or left hip), and dose of tetanus toxin (1 and
1/19 MLD).

Experiments conducted under these new conditions of
reduced cortical compensatory potentialities showed that
the largest effect of decortication on the course and out»
come of the tetanus process in rabbits decorticate on the
left side is usually noted when they are injected in the
limb innervated by the decorticate hemisphere. In such
cases, the animals are not only more sevefely affected
with tetanus than the contrals, but are also more affected
than animals similarly decorticate but receiving the toxin
in the opposite limb; they die considerably earlier or re=
cover later.

Thus, whereas after injection of 1 MLD of toxin in
the muscles of the right hip rabbits decorticate on the
left side die, on the average, after 7.5 days, the corre-
sponding controlsdie after 11.6 —12.4 days and decorti~
cate animals given the same dose of toxin in the muscles
of the left hip died after 9.9 days.

Rabbits decorticate on the left side were observed to

recover from the injection of 1/10 MLD of tetanus toxin
in the muscles of the right hip, on the average, after
32.3 days. Recovery of similarly decorticate aniinals,
injected with the same dose of toxin in the muscles of
the left hup, was noted after an average of 22.6 days.
Control rabbits that received the same dose of toxin re~

covered after an average of 20.6 —18.7 days.
To generalize from the results of these two series of

experiments, we may conclude that strengthening of in*
hibition and reduction of the compensatory capabilities
of the cortex and the work capacity of cortical cells has
an aggravating influence on the outcome of tetanus in=
toxication. This idea gave rise to the supposition that
during tetanus, at a certain stage in its development, it
woutld be usefil to administer substances that stirnulate
central nervous system activity. For this purpose we have
been testing amphetamine sulfate since 1953,

In the experiments with amphetamine sulfate more
than 100 rabbits were used, divided into five groups;
these received intramuscular injections of 1, 2, 3, and
12 MLD of tetanus toxin. The experimental animals re~
ceived amphetamine sulfate intramuscularly in a dose of
1 mg per kg weight, as a rule, at the stage of generali~
zation of the pathological process.

The resnits of the observations are presented in
Table 3. Amphetamine sulfate injected at the stage of
generalization. of the tetanus syndrome exerted a favor=



TABLE 2. Severity of Tetanus in Rabbits With Excluded Analyzers during the Second Period

after Injection of 1/10 MLD of Tetanus Toxin

Severity of tetanus process Number of
b animals
. Rel

Animals E local generalized | g

= )
E!: 1.4 | TOd- . & =
E?i mild crate PEVEre mild severe § §
with excluded analyzers 24 1 6 2 5 10 11 13
Controls e e e e e e 22 7 3 7 5 — 20 2

TABLE 3. Effect of Amphetamine Sulfate on Survival Time of Rabbits Given Various

Doses of Tetanus Toxin

Experimental group

= Control group
> —~ ~
E - time of injection of . £ develop- :% 3 g
8 ¥|.1 = |amphetamine sulfate | S*28¢ Ot develop 33| 59 43
o Qlge i ment of tetanus o >N o ° o =
% 3|85 after injection of intoxicati dg e £ B R
A S| % g Htetanus toxin intoxication QE) ! g g g ! g
1 7 | Simultaneously with | Absence of disease ‘ 17.0 12 17.5
injection, and 24 hrs. | symptoms, localized ! ’
after injection tetanus
4 | six days after Generalized 40,2
injection tetanus
2 10 4 days The same 33,5 11 15,1
3 12 3 days » 7,1t 14 5,7
12 6 2 days » 4,8 7 3,3

'Excluding one rabbit that was sacrificed on the 84th day after injection of toxin,

able effect on the course of tetanus; the experimental
animals lived longer than the controls.

We also observed a favorable effect of amphetamine
sulfate therapy when this preparation was injected three
to six days after injection of the toxin. Injection of
amphetamine sulfate either prior to injection of the ani«
mals with lethal doses of toxin, or simultaneously with
such injection, or 24 hours afterward had alinost no
effect. Itshould be added that combined amphetamine ~
serotheraphy of rabbits, which received serum and am-
phetamine sulfate beginning with the third or fourth day
after injection of 2 MLD of tetanus toxin, was more
effective than serotherapy without amphetamine.

The feature we have noted- that exclusion of the
olfactory, visual, and auditory analyzers, as well as
administration of amphetamine sulfate, has an effect on
various stages of development of the tetanus process in
rabbits —can apparently be explained, in our opinion, by
an alteration of the functional state of the central
nervous system in the course of the development of

tetanus. In all probability this assumption is correct. It is
supported, first, by the data of E. A. Gromova [6], who
showed a change in the electroencephalogram of animals
suffering from tetanus, which was characterized by pre-
dominance of the stimulatory process in the cerebral
cortex at the stage of localized tetanas, and passed over
into a predominance of inhibition as the disease became
generalized; secondly, by the phenomenon we have ob-
served, that the course of tetanus intoxication is either
more severe or more favorable, depending on the stage
of its development~— probably because of summation of
the functional states of the cerebral cortex that have
been created (by exclusion of the distance analyzers and
by administration of amphetamine sulfate to the animals)
and altered in the course of tetanus.

SUMMARY

Tetanus intoxication was much more severe in rab~
bits with surgical ablation of elements of the left cere-
bral cortex and in rabbits with three distance analyzers
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(olfactory, visual, and auditory) excluded than in con=
trols. Stimulation of central nervous system activity by
administration of amphetamine sulfate results in in«

creased resistance to tetanus and prolonged survival time.
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